Simultaneous Scheduling of Machines and AGVs in Flexible Manufacturing System with Minimization of Tardiness Criterion  by Nageswararao, Medikondu et al.
 Procedia Materials Science  5 ( 2014 )  1492 – 1501 
Available online at www.sciencedirect.com
2211-8128 © 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of Organizing Committee of AMME 2014
doi: 10.1016/j.mspro.2014.07.336 
ScienceDirect
,QWHUQDWLRQDO&RQIHUHQFHRQ$GYDQFHVLQ0DQXIDFWXULQJDQG0DWHULDOV(QJLQHHULQJ
$00(
6LPXOWDQHRXV 6FKHGXOLQJ RI 0DFKLQHV DQG $*9V LQ )OH[LEOH
0DQXIDFWXULQJ6\VWHPZLWK 0LQLPL]DWLRQRI7DUGLQHVV&ULWHULRQ
0HGLNRQGX1DJHVZDUDUDRD .1DUD\DQDUDRE*5DQDJDMDQDUGKDQDF
D$VVLVWDQW3URIHVVRU'HSDUWPHQWRI0HFKDQLFDO(QJLQHHULQJ./()./8QLYHUVLW\*XQWXU$3,QGLD
E+HDGRI0HFKDQLFDO(QJLQHHULQJ*RYW3RO\WHFKQLF&ROOHJH3DGHUX9LVKDNKDSDWQDP$3,QGLD
F'LUHFWRU	3URIHVVRU'HSDUWPHQWRI0HFKDQLFDO(QJLQHHULQJ-178QLYHUVLW\.DNLQDGD$3,QGLD
D5HVHDUFK6FKRODU8&(-178QLYHUVLW\.DNLQDGD$QGKUD3UDGHVK,QGLD
$EVWUDFW
2SWLPXP $XWRPDWHG *XLGHG 9HKLFOHV $*9V RSHUDWLRQ SOD\V D FUXFLDO UROH LQ LPSURYLQJ WKH SHUIRUPDQFH RI )OH[LEOH
0DQXIDFWXULQJ6\VWHP)062QHRIWKHPDLQHOHPHQWVLQWKHLPSOHPHQWDWLRQRI$*9LVWDVNVFKHGXOLQJ7KLVZLOOHQKDQFHWKH
SURGXFWLYLW\0LQLPL]HGHOLYHU\FRVWDQGRSWLPDOO\XWLOL]HWKHHQWLUHIOHHW7KLVHQKDQFHDUWLFOH'HDOVZLWK%LQDU\SDUWLFOH VZDUP
9HKLFOH+HXULVWLF$OJRULWKP%369+$ IRU VLPXOWDQHRXV6FKHGXOLQJRIPDFKLQHVDQG$*9VDGRSWLQJ5HEXVW IDFWRU IXQFWLRQ
DQGPLQLPL]DWLRQRIPHDQWDUGLQHVV7KHPHWKRGLVIRXQGWRSURYLGHEHWWHUVROXWLRQ
  7KH$XWKRUV3XEOLVKHGE\(OVHYLHU /WG
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI 2UJDQL]LQJ&RPPLWWHHRI$00(
.H\ZRUGV 6FKHGXOLQJ)OH[LEOH0DQXIDFWXULQJ6\VWHP$XWRPDWHG*XLGHG9HKLFOH3DUWLFOHVZDUP9HKLFOH+HXULVWLF$OJRULWKP
 ,QWURGXFWLRQ
'HYHORSPHQWVLQLQIRUPDWLRQWHFKQRORJ\0DQXIDFWXUHUVDUHLQD3RVLWLRQWRGHOLYHUSURGXFWVZLWKLQDVKRUW
SHULRG6FLHQWLILF$GYDQFHPHQW+DYHEHHQPDGHRYHUWKHSDVWIHZ\HDUVRQWKHLPSOHPHQWDWLRQRIIOH[LEOH
PDQXIDFWXULQJV\VWHP)062QHRIWKHPDMRUSUREOHPVWREHUHVROYHGLVUHODWHG WRWKHVLPXOWDQHRXVVFKHGXOLQJRI
PDFKLQHVDQGWKHDXWRPDWHGJXLGHGYHKLFOH$*9VRSHUDWLRQ7KHUHDUHPDQ\HOHPHQWVRI)06VFKHGXOLQJ
+RZHYHUWKHPRUHLPSRUWDQWIDFWRUWKDWVKRXOGEHFRQVLGHUHGLVVFKHGXOLQJRI PXOWLSOH$*9V7KLVLVGXHWRWKH
IDFWWKDWLQDW\SLFDOVKRSIORRUHQYLURQPHQW$*9LVVKDUHGE\VHYHUDOPDFKLQHV$VVLJQLQJRIDQRQRSWLPDO
GHOLYHU\UHVXOWVZRXOGSXWRWKHUPDFKLQHVLQORQJHULGOHWLPHZKHUHDVGHOD\LQJRIWKHGHOLYHU\VLJQLILHVGHOD\RQWKH
&RUUHVSRQGLQJDXWKRU7HO
(PDLODGGUHVV PHGLNRQGX#NOXQLYHUVLW\LQ
© 2014 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of Organizing Committee of AMME 2014
1493 Medikondu Nageswararao et al. /  Procedia Materials Science  5 ( 2014 )  1492 – 1501 
SURFHVVLQJFKDLQRIWKHPDWHULDO (IILFLHQW$*9ZHOOUHGXFHGHOLYHU\FRVWDQGRSWLPDOO\XWLOL]HWKHHQWLUHIOHHW E\
$QKDQG'H.RVWHU >@6WXGLHVDUHPRVWO\RQWKHK\EULGDSSURDFKWRDGGUHVVVFKHGXOLQJDQGURXWLQJRI$*9V
E\%LVKHWDO>@ &RUUHDHWDO >@ DQG'HVDXOQLHUVHWDO >@PXOWLDWWULEXWHGLVSDWFKLQJUXOHV E\
*UXQRZHWDO >@ ,ULV>@DQG 0DULDJUD]LD DQG0DULD >@DQGGHDGORFNUHVROXWLRQV E\1DLTL DQG0HQJFKX
>@DQG 1HDUFKRX>@7KLVDUWLFOHFRQVLGHUVWKH%LQDU\3DUWLFOHVZDUPYHKLFOHKHXULVWLF DOJRULWKP%369+$
IRUVLPXOWDQHRXVVFKHGXOLQJRIPDFKLQHVDQG$*9VLQ)06XWLOL]LQJWKH5HEXVWIDFWRUPD[LPL]DWLRQIXQFWLRQ
 6&+('8/,1*2)0$&+,1(6$1'$*9V,1)06
)06LVDKLJKO\DXWRPDWHGPDFKLQHFHOOFRQVLVWLQJRIDJURXSRISURFHVVLQJZRUNVWDWLRQVXVXDOO\&1&PDFKLQH
WRROVLQWHUFRQQHFWHGE\DQDXWRPDWHGPDWHULDOKDQGOLQJDXWRPDWHGVWRUDJHV\VWHPDQGFRQWUROOHGE\DGLVWULEXWHG
FRPSXWHU6\VWHP7KLVLVEDVHGRQWKHPLQLPL]DWLRQRIVLQJOHREMHFWLYHIXQFWLRQV
7RWDORSHUDWLRQFRPSOHWLRQWLPH 2LM  7LM  3LM 
:KHUH L MRE M RSHUDWLRQ 7LM WUDYHOLQJWLPHDQG 3LM RSHUDWLRQSURFHVVLQJWLPH
-RE&RPSOHWLRQ7LPH&L  ¦
 
Q
L
2LM


0DNHVSDQ 0D[&&&«&Q 
5HEXVW)DFWRU 0DNHVSDQ 
0HDQ7DUGLQHVV ¦
 
Q
L
L7Q 


:KHUHQ QXPEHURIMREV7L 7DUGLQHVV
$VWKHVFKHGXOLQJLQYROYHVFRPELQDWRULDOSUREOHPLWLVLPSRUWDQWWRHQVXUHWKDWDVXLWDEOHPHWKRGRORJ\LVVHOHFWHG
WRRSWLPL]HWKHSUREOHP,QDGGLWLRQWRWKHDELOLW\RIILQGLQJRSWLPDOVROXWLRQWKHPHWKRGDOVRKDVWREHFDSDEOHWR
ILQGWKHVROXWLRQDV TXLFNDVSRVVLEOH
 6LPXOWDQHRXV6FKHGXOLQJZLWK%369+$
3DUWLFOH6ZDUP2SWLPL]DWLRQ
362LVFDWHJRUL]HGDVVZDUPLQWHOOLJHQFHDOJRULWKP,WLVDSRSXODWLRQEDVHGDOJRULWKPWKDWLVLQVSLUHGE\WKHVRFLDO
'\QDPLFVDQGHPHUJHQWEHKDYLRUWKDWDULVHVLQ VRFLDOO\RUJDQL]HG FRORQLHV,WH[SORLWVDSRSXODWLRQRISDUWLFOHVWR
VHDUFK IRUSURPLVLQJUHJLRQVRI WKHVHDUFKVSDFHVZDUP:KLOHHDFKSDUWLFOH UDQGRPO\PRYHVZLWKLQ WKHVHDUFK
VSDFHZLWKDVSHFLILHGYHORFLW\LWVWRUHVGDWDRIWKHEHVWSRVLWLRQLWHYHUHQFRXQWHUHG7KLVLVNQRZQDVSHUVRQDOEHVW
3EHVW SRVLWLRQ  8SRQ ILQLVKLQJ HDFK LWHUDWLRQ WKH 3EHVW SRVLWLRQ REWDLQHG E\ DOO LQGLYLGXDOV RI WKH VZDUP LV
FRPPXQLFDWHG WRDOORI WKHSDUWLFOHV LQ WKHSRSXODWLRQ7KHEHVWYDOXHRI3EHVWZLOOEHVHOHFWHG DV WKHJOREDOEHVW
SRVLWLRQ*EHVWWRUHSUHVHQWWKHEHVWSRVLWLRQZLWKLQWKHSRSXODWLRQ(DFKSDUWLFOHZLOOVHDUFKIRUEHVWVROXWLRQXQWLO
LWILQGVWRSSLQJFULWHULD7KHPRYHPHQWRIWKHSDUWLFOHVWRZDUGVWKHRSWLPXPLVJRYHUQHGE\HTXDWLRQVVLPLODUWRWKH
IROORZLQJ
9 LGW Ȧ9 LG W& ;5DQG;>3 EHVW W ; LG W@&;5DQG;>* EHVW W ± ; LG W@ 
; LG W ; LG W9 LG W 
x ,QLWLDOL]HDSRSXODWLRQRISDUWLFOHVZLWKUDQGRPSRVLWLRQVDQGYHORFLWLHVRQ G GLPHQVLRQVLQWKHVHDUFK
VSDFH
x 8SGDWHWKHYHORFLW\RIHDFKSDUWLFOHXVLQJHTXDWLRQDQG8SGDWHWKHSRVLWLRQRIHDFKSDUWLFOHXVLQJ
HTXDWLRQ
1494   Medikondu Nageswararao et al. /  Procedia Materials Science  5 ( 2014 )  1492 – 1501 
x 0DSWKHSRVLWLRQRIHDFKSDUWLFOHLQWRVROXWLRQVSDFHDQGHYDOXDWHLWVILWQHVVYDOXHDFFRUGLQJWRWKHGHVLUHG
RSWLPL]DWLRQILWQHVVIXQFWLRQ$WWKHVDPHWLPHXSGDWHSEHVWDQGJEHVWSRVLWLRQLIQHFHVVDU\
x /RRS WR VWHS  XQWLO D FULWHULRQ LV PHW XVXDOO\ D VXIILFLHQWO\ JRRG ILWQHVV RU D PD[LPXP QXPEHU RI
LWHUDWLRQV
%LQDU\3DUWLFOH6ZDUP9HKLFOH+HXULVWLF$OJRULWKP
/HWWKHQXPEHURIWDVNVEH7DQG QXPEHURIPDFKLQHVDQG$*9VDYDLODEOHEH07KHSURSRVHG%369+$IRU
WKHWDVNDOORFDWLRQSURFHVVLVVXPPDUL]HGDVWKHIROORZLQJ
x /HW0EHWKHQXPEHURIPDFKLQHVDQG$*9V7EHWKHQXPEHURIWDVNV DQG3VL]HRI%369+$SRSXODWLRQ
x /HW 362>L@ EH WKH SRVLWLRQ RI WKH LWK SDUWLFOH LQ WKH HQWLUH SRSXODWLRQZLWK7GLPHQVLRQDO YHFWRUZKRVH
HQWULHV¶YDOXHVEHORQJWRWKHVHW^«0`
x 7KHQ362>L@>M@EHWKHSURFHVVRUQXPEHUWRZKLFKWKHMWKWDVNLQWKHLWKSDUWLFOHLVDVVLJQHG
x /HWILWQHVV>L@EHWKHREMHFWLYHIXQFWLRQRIWKHLWKSDUWLFOHDFFRUGLQJWR
x /HW9>L@EHWKHWUDYHOHGGLVWDQFHRUYHORFLW\RIDLWKSDUWLFOHUHSUHVHQWHGDVDQ0GLPHQVLRQDOUHDOFRGHG
YHFWRU
x /HW*EHVWEHDQLQGH[WRJOREDOEHVWSRVLWLRQ $QG3EHVW>L@ORFDOEHVWSRVLWLRQ
x /HW 3EHVWBILWQHVV>L@EHWKHORFDOEHVWILWQHVVIRUWKHEHVWSRVLWLRQYLVLWHGE\WKHLWKSDUWLFOH
 ,QLWLDOL]DWLRQ
x )RUHDFKSDUWLFOHLLQWKHSRSXODWLRQ
x )RUHDFKWDVNMLQLWLDOL]H362>L@>M@UDQGRPO\IURPWKHVHW^«1`
x ,QLWLDOL]H9>L@UDQGRPO\ DQG(YDOXDWHILWQHVV>L@
x ,QLWLDOL]H*EHVWZLWKWKHLQGH[RIWKHSDUWLFOHZLWKWKHEHVWILWQHVVORZHVWFRVWDPRQJWKHSRSXODWLRQ
x ,QLWLDOL]H3EHVW>L@ZLWKDFRS\RI362>L@ 3
x 6WHS2SWLPL]DWLRQ3URFHVV5HSHDWXQWLO DQXPEHURIJHQHUDWLRQV HTXDO WR WZLFH WKH WRWDOQXPEHURI
WDVNVDUHSDVVHG DQG)LQG*EHVWVXFKWKDWILWQHVV>*EHVW@ ILWQHVV>L@3)RUHDFKSDUWLFOHL
x 3EHVW>L@ 362>L@LIILWQHVV>L@3EHVWBILWQHVV>L@ 3 8SGDWH9>L@DFFRUGLQJWR
x 8SGDWH362>L@DFFRUGLQJWRDQG DQG(YDOXDWHILWQHVV>L@ 3
9HKLFOH$VVLJQPHQW+HXULVWLF
x ,GHQWLI\WKHSRVLWLRQYHKLFOHSUHYLRXVORFDWLRQDQGUHDG\WLPH957RIWKHYHKLFOH
x &RPSXWHWKHWUDYHOLQJWLPH757IURPWKHSRVLWLRQRIWKHYHKLFOHWRWKHPDFKLQHZKHUHMRELVSUHVHQW
SUHYLRXVRSHUDWLRQPDFKLQHQXPEHU
x $GGWKLVWUDYHOLQJWLPHWR957WRNQRZWKHFRPSOHWLRQWLPHRIYHKLFOHHPSW\WULS9(7
x &KHFNZKHWKHUWKHMREKDVFRPSOHWHGLWVSUHYLRXVRSHUDWLRQRUQRW,IQHFHVVDU\YHKLFOHZDLWVIRUWKHMRE
x &RPSDUHWKHSUHYLRXVRSHUDWLRQFRPSOHWLRQWLPHDQG9(7&RQVLGHUPD[LPXPYDOXHRIWKHVHWZRIRU
IXUWKHUFDOFXODWLRQV
x &DOFXODWHWKHYHKLFOHWUDYHOWLPH757IURPSUHYLRXVRSHUDWLRQPDFKLQHWRSUHVHQWRSHUDWLRQPDFKLQH
x $GGWKLVWUDYHOWLPHWRWKHYDOXHREWDLQHGLQVWHS7KLVZLOOJLYHFRPSOHWLRQWLPHRIYHKLFOHORDGHGWULS
 ([SHULPHQWDO6HWXS
7KH)06VHOHFWHGDVWKHFDVHLQWKLVZRUNKDVWKHFRQILJXUDWLRQDVVKRZQLQ)LJ1R7KHFDVHDQGGDWDVHWLV
DGRSWHGIURP 1DJHVZDUDUDRHWDO >@ZDVRULJLQDWHGE\ 5HGG\ DQG5DR >@,QWKHFDVHVWXG\WKHUHDUH
MREVHWVZLWKHDFKSRVVHVVLQJIRXUWRHLJKWGLIIHUHQWMREVHTXHQFHVGHGLFDWHGPDFKLQHVDQGQXPEHUVZHUHVSHFLILHG
ZLWKLQ WKH SDUHQWKHVLV LV WKH SURFHVVLQJ WLPH RI D SDUWLFXODU MRE LQ 7DEOH1R  %DVHG RQ WKH MRE VHWV DQG IRXU
GLIIHUHQW OD\RXWV  SUREOHPV DUH JHQHUDWHG 7KH SUREOHPV DUH JURXSHG LQWR WZR FDWHJRULHV 7KH ILUVW FDWHJRU\
FRQWDLQSUREOHPVHWVZKLFK WLSL UDWLRVDUHJUHDWHU WKDQZKLOH VHFRQGFDWHJRU\FRQVLVWVSUREOHPVZKRVH WLSL
UDWLRV DUH OHVVHU WKDQ  7KH GLVWDQFH PDWUL[ RI ORDGXQORDG VWDWLRQV WR PDFKLQHV DQG PDFKLQHWRPDFKLQH
GLVWDQFHVIRUDOOOD\RXWVDUHVKRZQLQ7DEOHVDQG
1495 Medikondu Nageswararao et al. /  Procedia Materials Science  5 ( 2014 )  1492 – 1501 
)LJ DOD\RXWEOD\RXWF OD\RXWGOD\RXW
 1XPHULFDO6LPXODWLRQV
%LQDU\3DUWLFOH6ZDUP9HKLFOH+HXULVWLF DOJRULWKPHYROXWLRQDU\SURFHGXUHKDVEHHQLPSOHPHQWHGLQ&ODQJXDJH
6LPXODWLRQVZHUHSHUIRUPHGRQYDULRXV SUREOHPVVHWV7KHFRGHLVGHYHORSHGIRUGLIIHUHQWPRGXOHVRIWKHDOJRULWKP
DQGDOVRIRUWKHYHKLFOHDVVLJQPHQWKHXULVWLF3RSXODWLRQVL]HLVWDNHQ DVGRXEOHRIWKHSURFHVVQXPEHUV 5HVXOWVDUH
REWDLQHGIRUUXQV ZLWK  LWHUDWLRQV 7KHSHUIRUPDQFHRI%LQDU\3DUWLFOH6ZDUP9HKLFOH+HXULVWLF$OJRULWKP
KDV EHHQ HYDOXDWHG E\ WHVWLQJ LW RQ  EHQFKPDUN SUREOHPV 7ZR W\SHV RI VZDUPRSWLPL]DWLRQ DOJRULWKPV 7KH
SDUWLFOHVZDUP DQG WKH ELQDU\SDUWLFOHVZDUP DUH DGDSWHG WRFRQVLGHULQJK\EULGL]DWLRQ ZLWKYHKLFOH KHXULVWLF7KH
SUHVHQWQXPHULFDOVLPXODWLRQVFRQILUPWKHUHSRUWHGUHVXOWVRIYDULRXVDOJRULWKPV E\7DPHUHWDO>@8OXVR\HW
DO>@DQG8PLW%LOJHDQG*XGX]8OXVR\ >@7DEOHSURYLGHVWKHUHVXOWRIWKHSUREOHPVZLWKWS!DQG
WSXVLQJ%369+$3HUIRUPDQFHVRIWKHVHFRPELQDWLRQVDUHVKRZQLQ)LJXUHDQG
7DEOH &RPSDULVRQ RI3HUIRUPDQFH IRU-RE5HEXVW)DFWRUWS!
31R WS 67: 8*$ $*$ 3*$ '*7+$ 50 $0 ,0 60 *9+$ %369+$
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
1496   Medikondu Nageswararao et al. /  Procedia Materials Science  5 ( 2014 )  1492 – 1501 
7DEOH  &RPSDULVRQ RI3HUIRUPDQFH IRU-RE5HEXVW)DFWRUWS
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
31R WS 67: 8*$ $*$ 3*$ '*7+$ 50 $0 ,0 60 +*9+$ %369+$
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
1497 Medikondu Nageswararao et al. /  Procedia Materials Science  5 ( 2014 )  1492 – 1501 
7DEOH &RPSDULVRQ RI 3HUIRUPDQFH IRU-RE7DUGLQHVVWS!
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
31R WS 67: 8*$ $*$ 3*$ '*7+$ 50 $0 ,0 60 +*9+$ %369+$
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
1498   Medikondu Nageswararao et al. /  Procedia Materials Science  5 ( 2014 )  1492 – 1501 
7DEOH &RPSDULVRQ RI3HUIRUPDQFH RU-RE7DUGLQHVVWS
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
31R WS 67: 8*$ $*$ 3*$ '*7+$ 50 $0 ,0 60 +*9+$ %369+$
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
1499 Medikondu Nageswararao et al. /  Procedia Materials Science  5 ( 2014 )  1492 – 1501 
)LJ3HUIRUPDQFH (YDOXDWLRQIRU WS!
)LJ 3HUIRUPDQFH(YDOXDWLRQIRU WS
dŽ
ƚĂ
ůZ
Ğď
ƵƐ
ƚ&
ĂĐ
ƚŽ
ƌ
ƚͬƉхϬ͘Ϯϱ ^dt
h'
'
W'
'd,
,'s,
W^s,
dŽ
Ăƚ
Ăů
d
Ăƌ
Ěŝ
ŶĞ
ƐƐ
ƚͬƉхϬ͘Ϯϱ ^dt
'
ZD
D
/D
^D
,'s,
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
1500   Medikondu Nageswararao et al. /  Procedia Materials Science  5 ( 2014 )  1492 – 1501 
$33(1',;$
7DEOH1R$7UDYHO7LPH 'DWD>@ IRUWKH H[DPSOH 3UREOHPV
7DEOH1R$'DWDIRUWKH-RE 6HWV>@ IRUWKHH[DPSOH3UREOHPV
-RE6HW
-RE0O00
-RE0O00
-RE00 0O
-RE00
-RE00O
-RE6HW
-RE0O0
-RE00
-RE0O0
-RE000
-RE0O00
-RE0O00
-RE6HW
-RE 0O0
-RE00
-RE0O0
-RE00
-RE0O000
-RE0000O
-RE6HW
-RE00O0
-RE000
-RE000O0
-RE000O0
-RE0O0000
-RE6HW
-RE0O00
-RE0O00
-RE000O
-RE00
-RE00O
-RE6HW
-RE0O00
-RE 0O00
-RE000
-RE000
-RE0O00
-RE0O00
-RE6HW
-RE0O0
-RE00
-RE6HW
-RE000
-RE000
dŽ
ƚĂ
ůZ
Ğď
ƵƐ
ƚ&
ĂĐ
ƚŽ
ƌ
ƚͬƉфϬ͘Ϯϱ ^dt
h'
'
W'
'd,
,'s,
W^s,
dŽ
ƚĂ
ůd
Ăƌ
Ěŝ
ŶĞ
ƐƐ
ƚͬƉфϬ͘Ϯϱ '
W'
'd,
Z͘D
͘D
/͘D
^͘D
)URP7R /D\RXW
/8 0 0 0 0
/8     
0     
0     
0     
0     
)URP7R /D\RXW
/8 0 0 0 0
/8     
0     
0     
0     
0     
)URP7R /D\RXW
/8 0 0 0 0
/8     
0     
0     
0     
0     
)URP7R /D\RXW
/8 0 0 0 0
/8     
0     
0     
0     
0     
1501 Medikondu Nageswararao et al. /  Procedia Materials Science  5 ( 2014 )  1492 – 1501 
-RE00
-RE00
-RE0O0
-RE 000
-RE0O00
-RE0OO00
-RE000
-RE000
-RE0O000
-RE0O000
-RE6HW
-RE00O00
-RE000
-RE0O00
-RE000
-RE00O00
-RE6HW
-RE0O000
-RE000
-RE000O0
-RE000
-RE0O00
-RE00O00
 &RQFOXVLRQV
)URPWKHSUHVHQWQXPHULFDOVLPXODWLRQVRQHFDQFRQFOXGHWKDW%369+$SURYLGHVEHWWHURSWLPL]DWLRQVROXWLRQIRU
VLPXOWDQHRXV VFKHGXOLQJ RI PDFKLQHV DQG DXWRPDWHG YHKLFOHV LQ SURGXFWLRQ HQYLURQPHQW 3HUIRUPDQFH IRU LQ
WS!5HEXVW )DFWRU LQGLFDWHG WKDW %369+$ JLYHV WKH PD[LPXP UHEXVW IDFWRU ZKHQ FRPSDUHG WR WKRVH RI
+*9+$8*$DQG67:)RUWKHFDVHWS%369+$JLYHVPD[LPXPUHEXVWIDFWRUZKHQFRPSDUHGWRWKRVHRI
+*9+$ '*7+$ 3*$ 8*$ DQG $*$ LW LV ZHOO NQRZQ IDFW WKDW PD[LPL]DWLRQ RI UHEXVW IDFWRU LPSOLHV
PLQLPL]DWLRQRIFRPSOHWLRQ WLPH 3HUIRUPDQFHIRU LQ WS!7DUGLQHVV LQGLFDWHV WKDW%369+$JLYHVPLQLPXP
ODWHQHVV RI GXH GDWH ZKHQ FRPSDUHG WR WKRVH RI $*$ 3*$ '*7+$ 50 $0 ,0 DQG 60 IRU WKH FDVH
WS7DUGLQHVV %369+$ JLYHVPLQLPXP WDUGLQHVV ZKHQ FRPSDUHG WR WKRVH RI 50 DQG$0 )XWXUH ZRUN
ZRXOGFRQVLGHUPXOWLSOHREMHFWLYHVVRDVWRUHIOHFWDFWXDOLQGXVWULDODSSOLFDWLRQV
5HIHUHQFHV
$QK 7 /H 'H .RVWHU 0 %0  2QOLQH GLVSDWFKLQJ UXOHV IRU YHKLFOHEDVHG LQWHUQDO WUDQVSRUW V\VWHPV ,QWHUQDWLRQDO -RXUQDO RI
3URGXFWLRQ5HVHDUFK YRO1XPEHU$SULOSS  
%LVK(.&KHQ)</HRQJ<71HOVRQ%/1J-:&DQG6LPFKL/HYL''LVSDWFKLQJYHKLFOHVLQDPHJDFRQWDLQHUWHUPLQDO
25 6SHFWUXP YRO1XPEHUSS ± 
&RUUpD$,/DQJHYLQ$DQG5RXVVHDX/06FKHGXOLQJDQGURXWLQJRIDXWRPDWHGJXLGHGYHKLFOHV$K\EULGDSSURDFK &RPSXWHUV 	
2SHUDWLRQV5HVHDUFK
'HVDXOQLHUV*/DQJHYLQ'5LRSHODQG9LOOHQHXYH%'LVSDWFKLQJDQG&RQIOLFW)UHH5RXWLQJRI$XWRPDWHG*XLGHG9HKLFOHV$Q([DFW
$SSURDFK ,QWHUQDWLRQDO-RXUQDORI)OH[LEOH0DQXIDFWXULQJ6\VWHPV YRO1XPEHUSS ± 
*UXQRZ0*QWKHU+DQG/HKPDQQ0'LVSDWFKLQJPXOWLORDG$*9VLQKLJKO\DXWRPDWHGVHDSRUWFRQWDLQHUWHUPLQDOV 256SHFWUXP
YRO1XPEHU
,ULV9LV)$5HQpGH.RVWHU.HHV -DQ5RRGEHUJHQ/HRQ:33HHWHUV 'HWHUPLQDWLRQRI WKHQXPEHURI$*9V UHTXLUHG DW D VHPL
DXWRPDWHGFRQWDLQHUWHUPLQDO-RXUQDORIWKH2SHUDWLRQDO5HVHDUFK 6RFLHW\9ROSS
0DULDJUD]LD'RWROL DQG0DULD3LD)DQWL 'HDGORFN'HWHFWLRQDQG$YRLGDQFH6WUDWHJLHV IRU$XWRPDWHG6WRUDJH DQG5HWULHYDO6\VWHPV
,(((7UDQVDFWLRQVRQ6\VWHPV0DQDQG&\EHUQHWLFV ± 3DUW&$SSOLFDWLRQVDQG5HYLHZV9RO1R
1DL4L :X  0HQJ&KX =KRX 6KRUWHVW 5RXWLQJ RI %LGLUHFWLRQDO $XWRPDWHG *XLGHG 9HKLFOHV $YRLGLQJ 'HDGORFN DQG %ORFNLQJ
,((($60(7UDQVDFWLRQVRQ0HFKDWURQLFV9RO,VVXHSS
1HDUFKRX$&³7KHHIIHFWRIYDULRXVRSHUDWRUVRQWKHJHQHWLFVHDUFKIRUODUJHVFKHGXOLQJSUREOHPV´,QWHUQDWLRQDO-RXUQDORI3URGXFWLRQ
(FRQRPLFV1RSS
1DJHVZDUDUDR0HGLNRQGX'U1DUD\DQDUDR.'U5DQDJDMDQDUGKDQD*³6LPXOWDQHRXV6FKHGXOLQJRI0DFKLQHVDQG$*9¶VLQ)06ZLWK 5HEXVW
)DFWRU0D[LPL]DWLRQ&ULWHULD´$GYDQFH5HVHDUFKDQG ,QQRYDWLRQV LQ0HFKDQLFDO0DWHULDO6FLHQFH ,QGXVWULDO(QJLQHHULQJDQG0DQDJHPHQW 
,&$500,(0,6%1%RQIULQJ31R
5HGG\%635DR&63³$K\EULGPXOWLREMHFWLYH*$IRUVLPXOWDQHRXVVFKHGXOLQJRIPDFKLQHVDQG$*9VLQ)06´,QWHUQDWLRQDO
-RXUQDORI$GYDQFHG0DQXIDFWXULQJ7HFKQRORJ\SS
7DPHU)  $EGHOPDJXLG $VKUDI 2 1DVVHI %DGDZLD$ .DPDO 0RKDPHG ) +DVVDQ  $ +\EULG *$ +HXULVWLF DSSURDFK WR WKH
6LPXOWDQHRXV6FKHGXOLQJRI0DFKLQHVDQG$XWRPDWHG*XLGHG9HKLFOH,QWHUQDWLRQDO5HVHDUFKRI3URGXFWLRQ5HVHDUFK9RO1R
7D\ORUDQG)UDQFLV*URXS
8OXVR\*QG]6LYULND\D6HULIRJOX)XQGDDQG%LOJHhPLW$JHQHWLFDOJRULWKP DSSURDFKWRWKHVLPXOWDQHRXVVFKHGXOLQJRIPDFKLQHV
DQGDXWRPDWHGJXLGHGYHKLFOHV-RXUQDORI&RPSXWHUV2SHUDWLRQDO5HVHDUFK9RO1RSS(OVHYLHU/WG
hPLW%LOJHDQG*QG]8OXVR\$7LPH:LQGRZ$SSURDFKWR6LPXOWDQHRXV6FKHGXOLQJRI 0DFKLQHVDQG0DWHULDO+DQGOLQJ6\VWHPLQ
DQ)06-RXUQDORI2SHUDWLRQV5HVHDUFK9RO1RSS
